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(57) Embodiments of the invention include an opti- 
cal fiber device (10) such as a modulator, variable at- 
tenuator or tunable filter including an optical fiber having 
a core region (12), a cladding layer (14) around the core 
region, and a controllable active material (18) disposed 
in, for example, capillaries (16) or rings (24) formed the 
cladding layer. The active materials include, for exam- 
ple, electro-optic material, magneto-optic material, pho- 
torefractive material, thermo-optic material and/or ma- 
terials such as laser dyes that provide tunable gain or 


loss. The application of, for example, temperature, light 
or an electric or magnetic field varies optical properties 
of the active material, which, in turn, varies or affects the 
propagation properties of optical signals in the device. 
The optical device includes a tapered region (22) that 
causes the core mode to spread into the cladding region 
and, simultaneously, allows the active material to be rel- 
atively close to the propagated modes, thus allowing in- 
teraction between the active material and the propagat- 
ing modes. 
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Description 

Field of the Invention 

[0001] The invention relates to optical fiber devices 5 
and methods for manipulating optical signal strength 
and systems using such devices and methods. More 
particularly, the invention relates to all-fiber optical de- 
vices, methods, and systems for modifying propagation 
properties of optical information. 

Background of the Invention 

[0002] Optical devices that modify the properties of 
optical signals include devices such as modulators and 
attenuators. Such devices use various means to vary 
refractive properties of one or more regions of the device 
to change the amplitude/phase of a signal propagating 
through the device. Conventional devices of this kind 
use lithium niobate, electroabsorption and/or other con- 
figurations to affect the propagation properties of an op- 
tical fiber or other waveguide arrangement. Typically, 
conventional modulators and similar devices are rela- 
tively costly and bulky devices that introduce an unde- 
sirable amount of loss. However, conventional all-fiber 
modulators attempt to establish compatibility with other 
fibers and provide lower insertion loss and relatively 
compact size. 

[0003] Many conventional all-fiber modulators and at- 
tenuators include devices based on fiber arrangements 
having a segment of the core vulnerable to an electro- 
optic polymer. Such devices include, for example, D-fib- 
er, manufactured by KVH Industries, Inc. See, for exam- 
ple, U.S. Patent Nos. 5,768,462, 6,041,149, and 
6,134,356, in which one or more grooves for positioning 
electrodes therein are formed in the protective (buffer) 
layer surrounding the core and cladding regions of the 
optical fiber. However, the configuration of such devices 
makes them relatively difficult to manufacture. Also, 
such devices are asymmetric, with undesirable associ- 
ated polarization properties. 

[0004] Other conventional modulating devices, for ex- 
ample, variable optical attenuators, use micro-electro- 
mechnical systems (MEMS) technology, which often is 
unreliable. Also, many conventional attenuators use 
planar waveguide technology and/or polymers. Howev- 
er, such conventional devices are relatively large in size, 
introduce a relatively large amount of loss to an optical 
system, and exhibit relatively significant polarization de- 
pendence. 

[0005] Accordingly, it is desirable to have available an 
all-fiber, optical device such as an optical modulator or 
variable optical attenuator that has greater performance 
efficiency, easier manufacturability, and generally is 
smaller in size than conventional modulators and atten- 
uators. 


Summary of the Invention 

[0006] The invention is as defined by the claims. Em- 
bodiments of the invention include an optical fiber de- 
vice such as a modulator, variable optical attenuator or 
tunable filter. The optical device includes a length of op- 
tical fiber having a core region and a cladding layer 
formed around the core region. The cladding layer in- 
cludes controllable active materia! disposed therein, for 
example, in capillaries, pockets or rings formed in the 
cladding layer. The active materials include, for exam- 
ple, electro-optic material, magneto-optic material, pho- 
torefractive material, thermo-optic material, and/or ma- 
terials that provide tunable gain or loss (for example, 
laser dyes or composite materials such as polymers dis- 
persed with erbium particles). The application of, for ex- 
ample, temperature, light (optical field) or an electric or 
magnetic field varies optical properties such as refrac- 
tive index, loss, scattering, or birefringance of the active 
material, which, in turn, varies or affects the propagation 
properties of optical signals in the device. 
[0007] The optical device also includes a tapered re- 
gion that reduces the diameter of the fiber device but 
maintains the relative dimensional proportions as in the 
non-tapered regions. In the tapered region, the mode 
field is not supported by the doped core and spreads 
into the cladding region, where it interacts with the active 
materials. Simultaneously, the tapered region allows the 
active material to be physically closer to the propagated 
modes compared to conventional arrangements, thus 
allowing interaction between the active material and the 
propagating modes. The tapered region also is de- 
signed such that the fiber easily can be spliced to con- 
ventional fiber. 

Brief Description of the Drawings 

[0008] In the drawings: 

Fig. 1 is a side, partial cross-sectional view of an 
optical fiber device according to an embodiment of 
the invention; 

Fig. 2a is a cross-sectional view of the optical fiber 
device taken along the lines 2a-2a of Fig. 1; 
Fig. 2b is a cross-sectional view of the optical fiber 
device taken along the lines 2b-2b of Fig. 1; 
Fig. 3 is a graphical diagram of the mode field in- 
tensity across optical fibers according to embodi- 
ments of the invention for active material that has 
an index of refraction lower than that of silica; 
Fig. 4 is a graphical diagram of the mode field in- 
tensity across optical fibers according to embodi- 
ments of the invention for active material that has 
an index of refraction greater than that of silica; 
Fig. 5 is a graphical diagram of the mode field in- 
tensity across optical fibers according to embodi- 
ments of the invention for polymer active material; 
Fig. 6a is a cross-sectional view of a non-tapered 


15 


20 


25 


30 


35 


40 


45 


50 


2 


3 


EP 1 286 191 A2 


4 


region of the optical fiber according to an alternative 
embodiment of the invention; 
Fig. 6b is a cross-sectional view of a tapered region 
of the alternative optical fiber of Fig. 6a; 
Fig. 7 is a simplified schematic diagram of an optical 5 
fiber device according to an embodiment of the in- 
vention having a thermo-optic active material; 
Fig. 8 is a graphical diagram of fiber transmission 
as a function of temperature for the optical fiber de- 
vice of Fig. 7; 10 
Fig. 9 is a simplified schematic diagram of an optica! 
fiber device according to an embodiment of the in- 
vention having an eiectro-optic active material; 
Fig. 10 is a simplified schematic diagram of an op- 
tical fiber device according to an embodiment of the 1 5 
invention in which the active material is a dye laser 
gain medium; 

Fig. 11a is a simplified schematic diagram of an op- 
tical system in which embodiments of the invention 
are useful; 20 
Fig. 11b is another simplified schematic diagram of 
an optical system in which embodiments of the in- 
vention are useful; and 

Fig. 12 is a simplified block diagram of a method for 
making optical fiber devices according to embodi- 25 
ments of the invention. 

Detailed Description 

[0009] In the following description similar components 30 
are referred to by the same reference numeral to en- 
hance the understanding of the invention through the 
description of the drawings. Also, unless otherwise ex- 
plicitly specified herein, the drawings are not drawn to 
scale. 35 
[0010] Although specific features, configurations and 
arrangements are discussed hereinbelow, it should be 
understood that such is done for illustrative purposes 
only. A person skilled in the relevant art will recognize 
that other steps, configurations and arrangements are *o 
useful without departing from the spirit and scope of the 
invention. 

[001 1] Referring now to Fig. 1 , shown is a side, partial 
cross-sectional view of an optical fiber device 10 accord- 
ing to embodiments of the invention. The optical fiber *5 
device 10 includes an optical fiber comprised of a core 
or core region 12 surrounded by a cladding region or 
layer 14. The core region 12 is made of, for example, 
silica (that is, silicon dioxide, Si0 2 ) doped with germa- 
nium or other suitable materia!. The cladding layer 14, 50 
which has a refractive index less than that of the core 
region 12, typically is made of silica or silica doped with 
fluorine or other suitable material. The optical fiber is, 
for example, an air-silica, microstructured (MF) fiber. 
[0012] Multimode fiber supports many different 55 
modes (paths) of a particular wavelength, whereas sin- 
glemode fiber is designed to support only the fundamen- 
tal mode (LP 01 ) of a particular wavelength. For multi- 


mode fiber, the diameter of the core region typically is 
approximately 50 or approximately 62.5 urn; for sin- 
glemode fiber, the diameter of the core region typically 
is less than approximately 10 microns (urn), for exam- 
ple, 5-8 uxn. For both singlemode and multimode fibers, 
the total diameter of the cladding layer 14 surrounding 
the core region 12 typically is approximately 125 urn. 
Typically, the cladding layer 14 is covered, for protection 
and strength, with one or more coating or buffer layers 
(not shown), resulting in a total outer diameter of ap- 
proximately 250-1000 urn. 

[0013] According to embodiments of the invention, 
the fiber device 10 includes active material formed or 
otherwise disposed in the cladding layer 14. For exam- 
ple, the cladding layer 14 includes one or more capillar- 
ies, voids or pockets 1 6 having active material (shown 
as 18) infused or otherwise disposed therein. Alterna- 
tively, the active material is disposed in one or more 
rings or layers (not shown) formed in the cladding layer 
14. As will be discussed in greater detail hereinbelow, 
the active material 1 8 varies the optical properties of op- 
tical signals propagating through the optical device 10. 
For example, the active material 18 is a controllable ma- 
terial whose refractive index can be varied to affect, for 
example, the signal strength of optical information prop- 
agating through the fiber device 10. 
[0014] The capillaries typically are formed at the pre- 
form stage. For example, according to a method often 
referred to as the "stack and draw" method, silica tubes, 
rods and core rods are bundled into a close-packed ar- 
rangement, and the assembly is overclad to obtain the 
desired dimensions. The preform then is drawn into a 
fiber in such a way that the capillaries remain open by 
air pressure inside them, while unwanted holes are kept 
purged open so surface tension causes them to col- 
lapse. Other methods to form the capillaries in the pre- 
form are possible, for example, sol-gel methods. Other 
methods to draw the preforms with capillaries also are 
available, for example, the "cane 1 * method, in which the 
preform is drawn into fiber in two high-tension steps; if 
the draw tension is much higher than the surface ten- 
sion, hole collapse is prevented. 
[0015] According to embodiments of the invention, 
the fiber device 1 0 also includes a tapered region or por- 
tion 22 having a diameter less than the diameter of the 
area of the fiber device 10 that is not tapered. For ex- 
ample, the diameter of the cladding layer 14 in the ta- 
pered region is approximately 10 u.m, compared to a 
conventional cladding layer diameter of approximately 
125 urn. The tapered region 22 improves the efficiency 
of the interaction between the active material 18 and the 
mode(s) propagating through the optical fiber device 1 0, 
thus improving the modulation, attenuation, suppres- 
sion, filtering and/or other operation of the fiber device 
10. 

[0016] The active material 18 is introduced into the 
capillaries 1 6 of the device 1 0 preferably as a liquid . One 
way of introducing the active materia! 1 8 into the capil- 


10 


3 


5 


EP1 286 191 A2 


6 


laries 16 is by immersing one end of the fiber device 10 
into the liquid, and applying vacuum on the other end of 
the fiber device 10. Alternately, the is forced into the cap- 
illaries 16 by using positive pressure. Once the active 
material 18 is inside the capillary, the active material 18 5 
typically is left as a liquid (for example, in the case of 
liquid crystals) and permanently sealed inside the fiber 
device 10 by plugging the capillaries 16 with a sealant 
or collapsing the capillaries 16 with heat. 
[0017] Alternatively, the active material 18 is intro- 
duced as a liquid comprising polymerizable monomelic 
units. These monomeric units polymerize inside the 
capillaries 16 and are activated, for example, by UV or 
visible light, by heat, or at room temperature as a result 
of mixing two or more reactive components. Once po- 
lymerized, the active material 18 is permanently trapped 
inside the capillaries 16. Yet another alternative is to in- 
troduce a solid active material (such as a polymer) as a 
liquid solution in a suitable solvent, in such a way that 
the solid material deposits inside the walls of the capil- 
laries 16. The solvent then is removed, for example, by 
evaporation, leaving behind a solid layer of the active 
materia! 18 deposited in the capillaries 16. 
[0018] Alternatively, the active material 18 is intro- 
duced into the fiber device 10 before the fiber device 10 
is drawn (that is, at the perform stage). 
[0019] Although fiber devices according to embodi- 
ments of the invention have a tapered region 22, the fib- 
er devices 10 are otherwise dimensioned to be compat- 
ible with conventional optical fiber, for example, stand- 
ard singlemode optical fiber. For example, fiber device 
according to embodiments of the invention are dimen- 
sioned to be spliced to conventional optical fiber such 
as standard singlemode optical fiber. 
[0020] Referring to Figs. 2a-b, with continuing refer- 
ence to Fig. 1, shown are cross-sectional views of the 
fiber device at a portion thereof that is not tapered (Fig. 
2a) and at the tapered region 22 (Fig. 2b). In an embod- 
iment of the invention, the capillaries or pockets 16 are 
longitudinal formations in the cladding layer 14 that are 
arranged, for example, radially around the core region 
12, generally as shown. Also, the pocket 16 formations 
typically are symmetric about the core region 12, thus 
improving upon conventional arrangements that are 
asymmetric and have undesirable attendant polariza- 
tion properties. However, according to other embodi- 
ments of the invention, alternative pocket 16 formation 
arrangements within the cladding layer 14 are suitable. 
[0021] According to embodiments of the invention, 
one or more active materials 1 8 is disposed in the pock- 
ets 16. The active material 18 alters the optical proper- 
ties of optical signals propagating through the fiber de- 
vice 10, for example, by interacting with the evanescent 
field of the propagating mode. The active material 18 
includes, for example, electro-optic material such as 
polymer dispersed liquid crystals and organic non-linear 
materials, and/or magneto-optic material such as Euro- 
pium-based magnetic materials, and/or photorefractive 


material such as azo compounds or stilbene derivatives, 
and/or thermo-optic material such as liquid crystals or 
polymers with sufficiently high dn/dT (where n is refrac- 
tive index and T is temperature), and/or material that 
provides tunable gain or loss (for example, laser dyes 
such as coumarins, substances containing rare-earth 
elements, and/or composite materials such as polymers 
dispersed with erbium particles), and/or other suitable 
material. According to embodiments of the invention, 
the application of an externally controlled force to the 
active material(s) results in changes in the optical prop- 
erties, for example, refractive index, transmission loss 
(for example, by scattering), absorptivity, or birefrin- 
gence, of the active material(s), which, in turn, results 
in changes in the propagation properties of the optical 
signal. In this manner, optical information propagating 
through the fiber device 10 is, for example, modulated, 
attenuated, filtered, amplified or otherwise manipulated 
by the application of such externally controlled fields. 
Depending on the active material, operations such as 
attenuation are capable of being tunable. 
[0022] The tapered region 22 is formed, for example, 
by heating and stretching the fiber in such a way that 
the diameter of the fiber gets smaller. According to em- 
bodiments of the invention, other methods for forming 
the tapered region of the fiber device 10 are suitable. 
However, despite the reduced size of the tapered region 
22, the refractive index profile of the fiber remains the 
same as in the non-tapered regions of the optical device 
10. For example, in the embodiment shown in Figs. 2a- 
2b, in the non-tapered regions of the optical device 10, 
the outer diameter is approximately 125 jim, the diam- 
eter of the core region 1 2 is approximately 5-1 0 jim, and 
the average diameter of the pockets 1 6 is approximately 
40 fim. In the tapered region 22. such relative propor- 
tions remain intact: the outer diameter of the fiber device 
10 is approximately 30 p.m, the diameter of the core re- 
gion 12 is approximately 2 urn, and the average diame- 
ter of the pockets 16 is approximately 9 u.m. 
[0023] According to embodiments of the invention, 
the tapered region 22 of the fiber device 10 improves 
the efficiency of the interaction between the active ma- 
terial 18 and the modes propagating through the fiber 
device 10, for example, by reducing the distance be- 
tween the core region 12 and the region containing the 
active material 18. For example, in the fiber device 10 
arrangement shown in Figs. 2a-b, the distance between 
the core region 12 and the active material(s) 18 is ap- 
proximately 17 u,m in the non-tapered regions, but ap- 
proximately 4 u.m in the tapered region 22. In the tapered 
region 22, the active material 18 is much closer physi- 
cally to the propagated optical information, thus allowing 
greater interaction between the active material 18 and 
the evanescent field of the propagating modes, which 
results in greater efficiency in varying the optical prop- 
erties of the propagating modes. Typically, the fiber de- 
vice 10 is designed such that in the non-tapered region 
there is little if any interaction between the core region 
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12 and the region containing the active material 18. 
[0024] The tapered region 22 of the fiber device 10 
makes the core region 12 relatively small for purposes 
of supporting the mode field. Accordingly, the mode field 
spreads into the tapered cladding layer 14, where, ac- 
cording to embodiments of the invention, active material 
18 is positioned. The portion of the cladding layer 14 in 
the tapered region 22 allows all or at least part of the 
mode field to penetrate into the active material 18. As 
discussed hereinabove, the active material 1 8 is capa- 
ble of changing optical properties such as refractive in- 
dex, which change in turn varies its effect on the mode 
field. Light in the mode field is manipulated by the spread 
of its evanescent field, which depends on the refractive 
index of the active material 18 interacting therewith. 
[0025] For example, if the refractive index of the active 
material 1 8 is lower than that of silica, much of the mode 
field is confined in the cladding layer 14 and only a rel- 
atively small portion of the mode field is in the area that 
contains active material 18. See, for example, Fig. 3, 
which graphically shows the mode field intensity as a 
function of fiber radius. As shown, much of the mode 
field propagates through the fiber device 10, that is, with- 
in a radius of approximately 2 u.m from the center of core 
region 12. 

[0026] Alternatively, if the index of the material is 
greater than that of silica, the mode field spreads out 
into the higher index medium (that is, into the cladding 
layer 14). See, for example, Fig. 4, which graphically 
shows the mode field intensity as a function of fiber ra- 
dius. In such case, little of the mode field propagates 
through the fiber device 10. See also Fig. 5, which 
shows mode field intensity as a function of fiber radius 
for a fiber having an active material of polymer, which is 
inherently lossy. 

[0027] In the case where the refractive index of the 
active material 1 8 is lower than that of silica, the differ- 
ence between these two indices will determine how 
much of the mode field penetrates into active material 
18. Also, the extent of this penetration can be manipu- 
lated to obtain a desired change in the output of the fiber 
device 10. For example, if active material 18 is lossy, 
this effect can be used to produce a variable attenuator. 
[0028] Referring now to Figs. 6a-b, shown are cross- 
sectional views of an optical device 60 according to an 
alternative embodiment of the invention. Fig. 6a shows 
a cross-sectional of the fiber device 60 at a portion there- 
of that is not tapered; Fig. 6b shows a cross-sectional 
of the fiber device 60 at a portion thereof that is tapered. 
In this alternative embodiment of the invention, the ac- 
tive material 1 8 is disposed in one or more annular rings 
or layers 24 formed in the cladding layer 14. The rings 
24 typically are formed at the preform stage. For exam- 
ple, a ring of active material, for example, erbium, is 
formed into the preform. The preform is then drawn and 
subsequently a tapered portion thereof is formed. 
[0029] Referring now to Fig. 7, shown is an optical de- 
vice 70 according to embodiments of the invention in 


which the active material 1 8 is a thermo-optic active ma- 
terial. For example, the active material is a thermo-optic 
polymer such as a copolymer of an aliphatic acrylate 
and a fluoroacrylate (this material has a reasonably high 

5 dn/dT, for example, approximately -4 x 10 -4 ). The ta- 
pered region 22 is surrounded by an oven 24 or other 
suitable means for changing the temperature of the ac- 
tive material 1 8 (for example, integrated thin film heaters 
on fiber). As discussed hereinabove, in such embodi- 

10 ments, heating the active material 1 8 affects its refrac- 
tive index, which affects the optical properties of the 
modes propagating in the device 70. 
[0030] Fig. 8 graphically shows the transmission 
strength as a function of temperature for the optical fiber 

15 device 70 of Fig. 7. At relatively low temperature (for 
example, 20° Celsius), the refractive index of the active 
material 18 is greater than or equal to that of silica. Thus, 
light tends to refract into the higher index active material 
18 and cladding layer 14 and is not guided. Also, the 

20 inherent loss of the (polymer) active material 1 8 plays 
an additional role in the loss of the propagating mode in 
the fiber device 70. Conventional estimates of polymer 
loss in non-tapered optical fibers are on the order of ap- 
proximately 1 dB/mm. As the active material 18 is heat- 

25 ed, its refractive index becomes less than that of silica. 
Thus, more light tends to propagate through the optical 
device 70 by total internal reflection. Typical transmis- 
sion loss is approximately 0.8 dB. The dynamic range 
is approximately 30 dB, that is, attenuation and other 

30 suitable propagating mode manipulation operations are 
adjustable over a range of approximately 30 dB. The op- 
tical fiber device 60 exhibits low polarization depend- 
ence of less than 0.5 dB and relatively small wavelength 
dependence. 

35 [0031] Referring now to Fig. 9, shown is an optical de- 
vice 80 according to embodiments of the invention in 
which the active material 18 is an electro-optic active 
material. For example, the active material is one or more 
liquid crystals, or a polymer comprising mesogenic 

40 groups, or a polymer-dispersed liquid crystal (PDLC), or 
an organic non-linear optical material, or an electro-op- 
tic polymer, or other suitable materials that change their 
optical properties in response to an electric field. Some 
piezoelectric polymers such as polyvinylidene fluoride 

45 (PVDF) and copolymers of vinylidene fluoride and trif- 
luoroethylene also exhibit electro-optic behavior. Also it 
is possible to dope these polymers with organic non-lin- 
ear optical materials to enhance their electro-optic re- 
sponse. While materials like liquid crystals respond di- 

50 rectly to relative low fields, organic nonlinear-optical ma- 
terials require poling at high fields to align the molecules, 
in conjunction with a chemical or physical change during 
poling that permanently locks the molecules in their ori- 
ented position. Once oriented, these molecules have 

55 relatively fast electro-optic response under relatively low 
fields. PVDF polymers and copolymers also require pol- 
ing and/or exposure to high energy beams such as elec- 
tron beams or gamma rays prior to using them as elec- 
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tro-optic materials. 
[0032] A pair of electrodes 26 are positioned near the 
tapered region 22 to apply an electric field to the electro- 
optic active material 1 8. To modulate the transmission 
of the fiber device 80, the electrodes 26 apply an electric 5 
field to the electro-optic active material 18. The change 
in the refractive index of the electro-optic active material 
18 is given by the equation: 

n = n Q + (1/2)n D 3 rE 

where n D is the index of the electro-optic material before 
applying an electric field E, and r is the electro-optic co- 
efficient of the material. 15 
[0033] The tapered region 22 allows the electrodes 26 
to be positioned closer to the active material 18 than if 
the fiber device 80 did not have a tapered region 22. 
Accordingly, the electrodes 26 are positioned much 
closer to the active material 1 8 than they are in conven- 20 
tional fiber devices. For example, according to embod- 
iments of the invention, the tapered region 22 allows the 
electrodes 26 to be separated within approximately 10 
jim of the active material 18. In this manner, electro-op- 
tic effects are more efficient and the voltage require- 25 
ments for desired electro-optic effects are lower than in 
conventional arrangements. 

[0034] Referring now to Fig. 10, shown is an optical 
fiber device 90 according to an embodiment of the in- 
vention in which the active material 18 is a gain medium 30 
such as dye laser. According to alternative embodi- 
ments of the invention, optical fiber amplification devic- 
es are made by infusing or otherwise disposing, for ex- 
ample, solutions such as dye laser 28 in the pockets 16 
in the cladding layer 14. In such embodiments, amplifi- 
cation is accomplished by the interaction of the evanes- 
cent field of the guided mode with the gain medium, for 
example, dye laser 28. Solutions that improve the gain 
amplification are chosen, for example, based on the 
concentration of the solution. 

[0035] Referring now to Figs. 11a-b, shown are sim- 
plified schematic diagrams of various system arrange- 
ments 100 in which fiber devices according to embodi- 
ments of the invention are useful. The system 1 00 in- 
cludes one or more sources 110 for transmitting optical 
information, an optical transmission medium, and one 
or more receivers 120 for receiving the transmitted in- 
formation. According to an embodiment of the invention 
as shown in Fig. 11a the optical transmission medium 
includes at least one conventional fiber 130 coupled to 
the source 110 and at least one fiber device 10 accord- 
ing to embodiments of the invention, for example, as de- 
scribed hereinabove. Also, for example, at least one 
conventional fiber 130 is coupled between the fiber de- 
vice 10 and the receiver 120. According to an embodi- 
ment of the invention as shown in Fig. 11b, the optical 
transmission medium includes at least one optical fiber 
or fiber device 10 coupled between the transmitter 110 


10 

and the receiver 120 and having a tapered region, for 
example, as discussed hereinabove. 
[0036] Referring now to Fig. 12, shown is a simplified 
block diagram of a method 120 for making optical fiber 
devices according to embodiments of the invention. The 
method 120 includes a step 122 of forming an optical 
fiber device having a core region, a cladding layer, and 
at least one pocket or ring in the cladding layer for dis- 
posing the active material. Another step 1 24 of the meth- 
od 1 20 is to taper at least a portion of the optical device. 
Another step 126 of the method 120 is to dispose the 
active material in the pocket(s) or ring(s) formed in the 
cladding layer. According to embodiments of the inven- 
tion, the active material is disposed in the pockets after 
the optical device has been drawn from a preform. Ac- 
cording to alternative embodiments of the invention, the 
active material is formed in the preform, that is, before 
the optical device has been formed. For example, a ring 
of active material (for example, erbium) is formed in the 
preform, then the preform is drawn into an optical fiber 
device. 

[0037] Thus, according to embodiments of the inven- 
tion, the step 126 of disposing the active material in the 
pocket(s) or rings) is performed either before or after the 
step 122 of forming the optical fiber device. Also, ac- 
cording to embodiments of the invention, the step 126 
of disposing the active material in the fiber device is per- 
formed either before or after the step 124 of tapering a 
portion of the device. 

[0038] It will be apparent to those skilled in the art that 
many changes and substitutions can be made to the em- 
bodiments of the optical fiber devices herein described 
without departing from the spirit and scope of the inven- 
tion as defined by the appended claims and their full 
scope of equivalents. 


Claims 

1. An optical fiber device (10), comprising: 

a length of optical fiber having a core region 
(12) and a cladding layer (14) formed around 
the core region, the length of optical fiber hav- 
ing a first diameter, 

CHARACTERIZED IN THAT 

at least a portion of the length of optical fiber 
includes a tapered region (22) having a second 
diameter less than the first diameter, and 
an active material (18) disposed in at least a 
portion of the cladding layer in the tapered re- 
gion, wherein the active material is capable of 
changing optical properties in such a way that 
varies the propagation properties of optical sig- 
nals in the length of optical fiber. 
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2. The optical fiber device as recited in claim 1 , further 
comprising at least one pocket (16) formed in the 
cladding layer, and wherein the active material is 
disposed in the at least one pocket. 

5 

3. The optical fiber device as recited in claim 1 , further 
comprising at least one annular ring (24) formed in 
the cladding layer, and wherein the active material 
is disposed in the at least one annular ring. 

10 

4. The optical fiber device as recited in claim 1 , where- 
in the active material further comprises an electro- 
optic material, wherein the electro-optic material 
has an index of refraction that changes in response 

to changes in electric fteld, and wherein the at least 15 
one pocket is formed in the cladding in such a way 
that changes in the index of refraction of the electro- 
optic material vary the propagation properties of op- 
tical signals propagated in the optical device. 

20 

5. The optical fiber device as recited in claim 1 , where- 
in the active material further comprises a magneto- 
optic material, wherein the magneto-optic material 
has an index of refraction that changes in response 

to changes in a magnetic field, and wherein the at 25 
least one pocket is formed in the cladding in such a 
way that changes in the index of refraction of the 
magneto-optic material vary the propagation prop- 
erties of optical signals propagated in the optical de- 
vice. 30 

6. The optical fiber device as recited in claim 1 , where- 
in the active material further comprises a thermo- 
optic material, wherein the thermo-optic material 
has an index of refraction that changes in response 35 
to changes in temperature, and wherein the at least 
one pocket is formed in the cladding in such a way 
that changes in the index of refraction of the thermo- 
optic material vary the propagation properties of op- 
tical signals propagated in the optical device. <o 

7. The optical fiber device as recited in claim 1 , where- 
in the active material further comprises a photore- 
fractive material, wherein the photorefractive mate- 
rial has an index of refraction that changes in re- *5 
sponse to exposure to light at a given wavelength, 
and wherein the at least one pocket is formed in the 
cladding in such a way that changes in the index of 
refraction of the photorefractive material vary the 
propagation properties of optical signals propagat- so 
ed in the optical device. 

8. The optical fiber device as recited in claim 1 , where- 
in the active material further comprises a gain me- 
dium, and wherein the optical device amplifies op- 55 
tical signals propagated in the optical device. 

9. The optical fiber device as recited in claim 1 , where- 
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in the core region and the cladding layer are config- 
ured in such a way that changing optical properties 
of the active material affects the propagation prop- 
erties of optical signals in the tapered region and 
does not affect the propagation properties of optical 
signals not in the tapered region. 

1 0. The optical fiber device as recited in claim 1 , where- 
in the index of refraction of the active material 
changes from a first value greater than the index of 
refraction of the core region to a second value less 
than the index of refraction of the core region. 
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FIG 6b 
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FIG 11a 
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FIG 11b 
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